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INTRODUCTION 


This second annual report is being arranged in a somewhat different 
manner from that used for the first. In 1968 the report was an edited 
compilation of individual agency submissions. This year, a committee of 
four has taken these agency submissions and written the report according 
to the various parameters to be measured. Thus, it is hoped that the sign- 
ificant points of interest will be arranged in a more logical sequence and 
be more ibe available to the reader. 

The annual meeting of the basin co-operators was held on March 18, 
1969. During this meeting, the purposes of the study were discussed in 
some detail. Some felt that the goals, as described in the original sub- 
mission, were too general; others disliked more specific objectives as be- 
ing too detailed. The original submission reads, in part: 

“There is a need to obtain adequate data on all phases of 

the hydrological cycle within an irrigated area. This 

would involve a hydrologic inventory of all items of 

supply and disposal in the irrigation basin..ccccrceeees 

It is desirable to make a direct determination of all 

items in the hydrological equation.” 
Obviously, there is more to this study than just evaluating the various 
parameters.to produce a hydrologic equation. The Research Co-ordinators’ 
Seminar at Guelph (April 15-17, 1969) indicated that such parameters will 
seldom be measured to a high degree of precision in any case. The purpose 
of evaluating them is to discover their inter-relationships and the phy- 
sical processes governing each. All of the individual objectives that the 


co-operators have considered are included in understanding these physical 


processes and inter-relationships. 
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Inasmuch as this report is intened mainly to be a report of steward- 
ship, the contributors have summarized their data into an easily readable 
form. Should the reader wish further details on particular aspects of the 
basin, he is urged to contact either the individual contributor concerned, 
or the chairman. 

Because most of the instruments will not survive temperatures below 
freezing, most data can only be collected during the growing season. The 
purpose of the study is to determine the effects of irrigation on the study 
basin, so it is not unreasonable to have the study period correspond to the 
irrigation period. There has been some difficulty in obtaining data for the 
winter months in order to compute an annual budget. An attempt will be made 
to solve this problem by treating the reporting year as running from Novem- 
ber 1 to October 31, rather than to follow the calendar year. This will 
eliminate the problem of determining soil moisture on January 31. However, 
this cannot be done until November 1, 1969. 

With respect to surface hydrologic parameters, for the purpose of this 


report, the reporting period is May 1, 1968 to September 30, 1968. 
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PRECIPITATION 


Average precipitation for each month was computed by taking the sim- 
ple average of the twenty-seven standard rain gauges for each month (Tables 
1 and 2) and also by the planimetric method. 

The average monthly rainfall by planimetric determination is given in 
Table 3 where it is found to be quite close to the values computed by sim- 
ple averaging of the 27 sites, except for the month of June, where there is 
a 6% difference. 

There is, of course, some variance in the way the isohyets may be 
drawn while maintaining consistency with the value at each site. An inten- 
sified rain gauge network would greatly reduce the propensity for error in 
drawing the lines. To illustrate the magnitude of this error, a planimetric 
averaging of Figure 6, which was drawn with respect to the season totals 
for each site,.gives an average precipitation of 11.64 inches for the irrig- 
ated portion as compared to 11.47 inches, the sum of the five monthly plan- 
imetric values. This deviation is of the same magnitude as the deviation 
between the two methods of averaging. 

With respect to the planimetric technique, there is additiohal error 
resulting from inaccuracy in following the lines on the map. In general, 
the sum of the individual areas as measured, "a", is not equal to the tot- 
al area "A" as measured. It is therefore necessary to adjust the measured 
values na" by a correction factor which will nee the sum equal to the pro- 
per value. In practice, the average correction was 1.2 percent, the max- 


imum being 2.5 percent. 
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It must be concluded, therefore, that the planimetric averaging tech- 
nique does not yield more reliable rainfall data than the simple averaging 
of the various sites. 

For Tables 3, 4, and 5, the planimetric values for season totals were 
used. The precipitation total for each crop has been taken to be the over- 
all average for the appropriate portion of the basin (i.e. irrigated, non= 
irrigated.) 

The rainfall for June and August was near normal while May and July 
were slightly below normal. Three days of snowfall beginning on September 
20th brought more than three feet of snow with mixed rain bringing the Sept- 
ember total very much above normal. 

The total five-months precipitation varied from 10.5 inches in the 
northwest portion of the study area to 13.5 inches in the southwest portion. 
The total precipitation based on planimetric average was 241,900 acre-feet 
for the entire basin and 113,200 acre-feet for the irrigated portion, of 


which 81,400 acre-feet fell on irrigated acreage. 
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TABLE I. MONTHLY PRECIPITATION FOR 1968 GROWING SEASON (INCHES) 








Site _May_ June July August ss September 
I ioe 4.09 0.60 Tels 3.95 
2 1.43 S02 0.61 Lee 4.37 
3 Mee 3-98 0.83 1.90 4.19 
4 Pete 3229 0.62 1.66 4.1] 
2 Vari Zela 0.65 1.69 4.00 
6 aod Cell CPeyr, Tee 4.21 
‘t Teoo Se2l 0.56 1.47 Sete 
8 1.86 3279 0.63 1.68 4,28 
9 1.97 4.12 0.65 1.47 4,22 

10 1.79 4.42 1.02 PW Sw 
ne 1.60 4.44 Date Lez 4.95 
LZ 1.92 3.91 0.81 1.78 Biel 
13 1.30 4.19 0.61 1A Secs 
14 1.52 4.19 0.65 tO 5.19 
ie eos 3.19 1.03 1.68 4.02 
16 leo Guk seo 0.64 2228 aei7 
LT eel 3-06 O70 1.98 5.08 
18 Late 3239 1.14 1.86 4.75 
19 2505 2.88 Te2) 201 4.88 
20 1240 20k 0.63 HeCs 4.02 
2) £06 Sionlat 0.49 0592 3081 
22 Zeh0 3-43 reir: Lee 4.06 
23 lives 3.91 OGD 1.24 4.39 
24 2.06 Zell 0.67 1.33 4.05 
Zo 171 3.41 0.52 deal a 4.40 
26 1.79 2.80 re 2.19 5204 
Zh - - - 1.54 4.62 
Average L723 3.49 0.75 1.62 4,30 
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AVERAGE RAINFALL (INCHES) TABLE 2 


May _June July _ August September _ Total 


Rainfall Average 1.7 80.50 ° O68 1.6 4.3 11.9 
(27 sites) 
Planimetric Average Lelie seoU 0.8 1.6 4.3 11.7 


(entire basin) 
Planimetric Average: 
Irrigated Portion Lov) © .4 0.56 1.5 4.3 11.5 


Non-Irrigated Portion - - - - - 12.0 
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EVAPOTRANSPIRATION (INCHES) MAY 1 TO SEPTEMBER 30 TABLE 3 


Estimated Use Precipitation Evaporation 


Effective While 


of Pre-Season during 


Crop Moisture growing season Irrigation Fallow Tgtal 
Grain 

(not irrigated) 3.0 Sti oe 1.6 9.7 
Forage 

(not irrigated) 2.4 ee) -- -- 14.3 
Grain 

(irrigated) 3.0 561 203 1.6 12.0 
Forage 

(irrigated) 2.4 11.9 61 -- 20.4 
Sugar Beets 0.5 10.9 8.8 0.3 20.5 
Peas Ov5 Bice es Zel lledZ 
Misce Vegetables 0.5 7.0 4.1 0.8 12.4 
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IRRIGATED CROP ACREAGE AND WATER DATA (x 100) TABLE 4 
Evapotran- Pre-Season Precipit- Effective 
Area spiration Meisture ation Irrigation 
Crop (acres) (acre-feet) _ (acre-feet) (acre-feet) (acre-feet) 
Grain 384 384 180 341 74 
Vegetable 120 17s S/ 120 74 
Forage 158 269 72 156 81 
Summer fallow 165 67 94 195 -- 
Grassed Area 
Borrow Pit he, 20 Ded Vine 8 
Canal Bank 18 294 4 17.6 12 
Phreatophytes eZ 24 36 11.4 -- 
a) Sub-irrigation derived from canal seepage. 
NON=-IRRIGATED CROP ACREAGE AND WATER DATA (x 100) TABLE 5 
Actual Pre-Season 
Area. Evapotranspiration Moisture Precipitation 
Crop. (acres) __ (Acre-feet) ____ (acre-feet) _ (acre-feet) 
Grain 782 632 325 Wie 
Forage 295 351 128 290 
Summer fallow 360 120 143 358 
Grassed Area 
Borrow Pit 18 20 Ta3 18.4 
Phreatophytes 30 60° 90 30 
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NON-CROPPED ACREAGE AND WATER DATA (x_100) TABLE 6 





Area Evaporation Precipitation Runoff 


(acres) (acre-feet) (acre-feet) (acre-feet) 


Water Surface 


Canals, laterals 9.7 ee? 9.2 - 
ditches 

Lakes, ponds, 

sloughs, borrow 








pits 16.9 Sie. V6%e3 i 

Non-Arable 

Urban Asem 21.0 42.1 Bel 

Road (paved, 

gravel rail) 123 2.0 L240 10.9 

Uncultivated 364 3.3 3.3 - 

EVAPORATION DATA-CLASS "A" PAN (INCHES) TABLE 7 

Site May June July August September Total 
l . Te3D Bitl2 8.83 6.63 4.98 35.91 
4 ee 8.41 8.97 6.32 3.200 Joe 

26 6.87 9.16 9.80° 6.88 5 St 32,22 

Average het 8.56 9.20 6.61 Selo 36.69 


Variance +4% 








(a) Hailstorm on July 29th caused some water loss from this pan due to 
splashing. With some uncertainty, the true evaporation has been 
assumed to be comparable to the other two sites and this loss has 
accordingly been estimated to be 1.04 inches. The figure in the 
Table has been corrected accordingly. 
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FIGURE | Precipitation — May, 1968 (inches) 
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FIGURE 2. Precipitation — June, 1968 (inches) 
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FIGURE 3 Precipitation — July, 1968 (inches) 
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FIGURE 4 Precipitation — August, 1968 (inches) 
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FIGURE 9_ Precipitation — September, 1968 (inches) 
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FIGURE & Precipitation — May to September Total 
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SURFACE RUNOFF 


Rainfall received during the growing season resulted in small amounts 
} of runoff. An estimated 300 acre-feet were included in the measured efflu- 
ent through Bountiful Coulee and Six Mile Coulee. Most of this resulted 
from the snow storm of September 20-22. Small flows measured in some of the 
other coulees were insignificant. | 

Most runoff occurred from hard surface roads. That which fell on such 
surfaces in urban areas was discharge to the Oldman River through storm sew- 
ers. Runoff from roadways in rural areas has been credited to borrow pits. 
The infiltration capacity of the soil was essentially greater than the pre- 
cipitation rate for all storms during 1968, so the remaining portion of sur- 
face runoff (that which collects in sloughs, borrow pits, etc.) has been 
ignored. 

Because of the large precipitation for the snow storm of September 20- 
22 (4.04 inches) and its rapid dispersal under chinook conditions, a more 
than typical amount was lost to evaporation and runoff. Estimates of 5 per 
cent and 25 percent of the precipitation falling on fields have been given 
for evaporation and runoff respectively. The evaporation and runoff are 
then estimated to be 1,360 and 6,790 acre-feet respectively from irrigated 
fields and 2,510 and 13,560 acre-feet respectively from non-irrigated fields. 
Runoff from roadways was 410 acre-feet. Runoff to Six Mile Coulee and Bount- 
iful Coulee are estimated to be 400 acre-feet. Water which collected in bor- 
row pits was then estimated to be 20,350 acre-feet. Assuming that there 
were 190 acre-feet of additional storage potential in the borrow pit root 


zone, and estimating a percolation rate twenty times greater than the surface 
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evaporation rate (1), there are 17,480 acre-feet of additional evaporation. 
Total surface runoff to the Oldman River is 6,659 acre-feet, or 16.7 acre- 
feet per square mile of the basin. Such statistics must be viewed with cau- 
tion, because by far the largest part of the basin contributes no runoff 
whatsoever to the river. As may be seen in Table 14, there were some 20,000 
acre-feet of additional runoff, but it flowed only to adjacent borrowpits and 
ponds. 

The area contributing runoff to the Oldman River, although small, is 
variable, and depends upon such factors as pre-season surface storage, pre- 
season soil moisture conditions, quantity of winter snow cover, and rate of 


summer precipitation. 


(1) The average evaporation rate for the period after the storm was .004 
inches per hour, the saturated infiltration rate is estimated to be 
-06 inches per hour and the infiltration surface averaged 30 percent 
greater than the evaporation surface during the period when water re- 
mained in the borrow pits. 
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EVAPOTRANSPIRATION AND LAND UTILIZATION 


Evapotranspiration in general can be estimated as the sum of oveeeet 
ation during the period of growth, irrigation, a certain portion of the ava- 
ilable pre-season moisture, and an amount computed by treating the cropped 
area as summerfallow during the periods before seeding and after harvest. 
This has been done for the basic crop groups and is given in Table 3. 

The data for borrow pits given in Tables 4 and 5 were estimated by 
treating them as forage areas. 

Latent evapotranspiration has been correlated to class A pan evapor- 
ation. (2) (3) This method was used to determine the actual evapotranspir- 
ation for the grass growing on canal banks and is based on the assumption 
that canal seepage will maintain a high level of available moisture. 

The land in the basin has been differentiated with respect to basic 
texture of the soil surface in Figure 7, and with respect to irrigated and 
non-irrigated in Figure 8. The cropped land area within the non-irrigated 
portion of the basin is 122,500 acres. The cropped land area in the irrig- 
ated portion of the basin is 115,700 acres. However, 29,000 acres of this 
are classed as not irrigated because they represent higher elevation areas 
in fields than that which is surface irrigated, or which for other physical 
reasons does not have access to water. In addition to this, 30 percent of 
the borrow pit did not receive irrigation runoff because it was too high in 


elevation. Therefore, the non-irrigated land use data, Table 5, includes 


(2) Hobbs, E.H. and Sonmor, L.G., 1964. Irrigation scheduling. Research 
for farmers, 9 (4), 4-5 


(3) Unpublished Data, Lethbridge Research Station 
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those acreages from within the boundary of the irrigated portion of the 
basin which are not irrigated, while the data in Table 4 does not include 
these acreages. 

With respect to the corresponding data in the 1967 report, the amount 
of land under water and the non-arable land remained the same while the acre- 
age covered by phreatophytes decreased slightly because of land clearing a- 
long canal and laterals. However, there were a number of oversights in the 
land use data for the 1967 report. Some land is taken up with secondary 
irrigation laterals and farm irrigation ditches. This represents a reduct- 
ion in crop acreages and an increase in evaporation surface, although some 
of this is under water during only part of the season. This report then 


gives a more accurate distribution of land use than did the 1967 report. 
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EV APORAT I ON 


Evaporation data from Class A evaporation pans is given in Table 7.. 
Evaporation data corrected to shallow lake surface evaporation by the 
method of Kohler, ete ale (1955) (4) is given in Table 8. This data was 
used to compute evaporation from all open water surfaces in the basin. 

The highest daily loss from the pans was 0.58 inches for June 26, 
for which date the lake evaporation reading was 0.38 inches. The highest 


monthly total was for July. 


(4) Kohler, MeAse, Nordenson, T.J. and Fox, W.E., 1955. Evaporation from 
pans and Lakes. U.S. Weather Bureau Research, Paper 38. 
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EVAPORATION DATA CORRECTED TO LAKE EVAPORATION (INCHES) 





Site May June 
] 506 661 
4 Ded 642 
26 Die 6.5 
Average 5.4 6.3 


Variance +2% 


August September 
4.9 3.4 
4.6 B40 
4.8 Sf 
4.8 322 


EVAPORATION FROM OPEN WATER SURFACES 


(Bee ae er er ee re eee Se ay SE En oe 


PeaMain canal and laterals” 
2. Secondary laterals? 

3. .Farm Ditches® 

4. Lakes? 

5. Dugouts? 

6. Ponds, Sloughs, etc. 


Te Borrowpits? 


Open Water Surface 


I7 
TABLE 8 
Total 
26 26 


26.4 


PE OP 


TABLE 9 


Evaporation Loss 





Acres pie __(Acre- feet) 
620 1,370 
120 210 
180 210 
1,060 2,360 
ta 140 
610 1,360 
20 1,240 
2,687 6,890 


a i i a a ee ES RE ES SE 


water is present. 


borrowpits. 


Evaporation period reduced to that portion of the season for which 


Includes evaporation of storm and irrigation runoff into non-ponded 
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IRRIGATION AND WATER FLOW DATA 


Irrigation canal flow data (Table 9) was obtained from S.M.R.I.D. 
ditch-rider records and also from the records of the Inland Waters Branch. 
Data for water supplied to farmers from the canal systems was obtained from 
the S.M.R.I.D. ditch-rider estimates. 

Some problems were encountered by the Inland Water Branch in the oper- 
ation of the existing gauging stations because of shifting control conditions, 
poorly defined rating curves and vandalism. 

The percentage of return flow leaving the study basin through Nolan 
Coulee is very small. This station will not be operated in 1969, The Six 
Mile Coulee (near Lethbridge) gauging station has been subjected to severe 
vandalism throughout the 1968 seasone To overcome this problem, an attempt 
will be made to relocate the station for the 1969 season. The gates at the 
Chin Reservoir Outflow Canal to Bountiful Coulee remained closed in 1968. 
The minor flow which was recorded during the sason was a result of leakage 
past the gates. 

Several inspection trips were made to selected miscellaneous ungauged, 
return flow coulees. Very little flow was found in any of the coulees at 
any time and what flow existed had no relation to the gauged return flows. 
Thus this ungauged measurement program is to be discountinued. It is sug- 
gested that the total flow in the ungauged coulees can best be determined by 
applying some type of rainfall-runoff coefficient. 

Discharge measurements were taken twice a month at the Taber Irrigation 
District Canal near Cranford buted Spite of this measuring program the com- 


puted mean daily discharges are only approximate. The rating curve was ex- 


tremely unstable because of profuse weed growth in the canal, resulting in 
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WATER FLOW DATA (MAY 1 TO SEPTEMBER 30) TABLE 10 


(Acre-feet) 
Main Canal in-flow (at Lethbridge-Coaldale diversion)* | 267,486 
Main Canal out (to Chin Reservoir)? 168,041 
Delivered to Lethbridge-Coaldale lateral? 91,096 
Delivered to Readymade extension (lateral 1)° 2,464 
Irrigation Turnout from Readymade extension lateral” 1,288 
Readymade effluent to Chin Reservoir® 1,030 — 
Effluent from Lethbridge-Coaldale system | 
Chin Butte Spillway (Return to Main Canal)? 7,865 
Malloy Drain? 19,451 
Cameron Spillway (et. al.)° 10,719 
To Bountiful Coulee” | 3, 235 
Lateral 10° 414 
To Henderson Lake? 170 
Irrigation Turnout to secondary laterals® 46 5392 
Effluent from secondary laterals 
To Farm Turnouts” 41,602 
To Six Mile Coulee® 1,000 
To Nolan Coulee NIL 
To Malloy Drain? 1,000 
Six Mile Coulee (mostly precipitation runoff )¢ 2,200 
T.1.D. Canal inflow (from Chin Coulee Spillway)@ 4,799 
T.I.D. Exit from Basin (at Cranford)c¢ . 5,626 
From T.I1.D. to Secondary Lateral s4 310 


Sources: 
(a) Read by S.M.R.I.D. 
(b) Estimated by S.M.R.I.D. Ditchriders 
(c) Read by Inland Waters Branch 
(d) Estimated by T.I.D. Ditchriders 
(e) Estimate 
(f) Includes estimated 300 acre-feet precipitation runoff, 900 acre-feet 
from subsurface drainage 
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CANAL SEEPAGE 


Main Canal 

Te lateecena lh. * 

Main Lethbridge-Coaldale laterals 
Secondary laterals 


Less subterranean irrigation of 
grass along canal banks 








Contribution to deep percolation 


ADDITIONAL CANAL DATA 
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TABLE 11 


13,650 
500 
5,500 


930 


-1,180 


19,450 acre-feet 


TABLE: 12 


Area Precipitation Evaporation 


(acres) _(acre-feet)_ (acre-feet) 


Main Canal 240 230 530 
Primary Lateral 380 370 840 
b 
Readymade Extension 3 3 2 
Lethbridge=-Coaldale b 
Secondary Laterals MS i? 205 
That portion of the basin which is bounded on the north by Bountiful 
Coulee and on the south by the S.M.R.I.D. Main Canal to Medicine Hat 
proved to be a little cumbersome in the basin analysis, and was further 
complicated by the inaccuracy of flow data for the T.I.D. Canal. Inas- 
much as runoff from this area into Bountiful Coulee is negligible, it 
is not really necessary to include it in the study basin, and it will 
in future be deleted from the study basin. 
Effective average evaporation surface was less than for precipitation 


(80%) due to low flow levels in May and early September when precipit- 


ation was low. 

















Ca a 
;7 / 
* 
i< 
ivy 
Lt ZJ8aT qWATAT! JAWAD 
023,£] liow ole ; 
a 
OOF ® fensd .G.1.T = 
1 
00€,¢ e:stejel eisbleol=-spbliiddiel aieM a 
Be elewtsl yvyisbroovd 
to soivepitai asenetrjdar seal ~i¥ 
O8i,!- exnsd L6nss onci# e%e tp 2 
~t-etne Oh, Of ofvelootea weob of nottud! aad 
4 SUaAT ATAG JAMAD JAMOETIOGA 
as 
Aeilaroasv3 noitet lalowr4 SO1A “a 


(3993-2325 \geot=3135)_ (£0726). 2 
DEF OFS gas lenad eis | 
CaS ore OBE {etoced yiemies a8) it 


ndtengtxa moamutiee ae aa 
oiwis 9 ah ae 


re 
my 
ae) 








PE Fy a 
Bietot ebai 2 arti 


| es aia. 
ag ‘aiiad SE fk ty: 


aos Sil. | ote 








| a 








- 


fwtitauel yd Adon 


taht aniotbal . f 2 nt rast 


7 ra tem 
tutte a 
~ antat oF! 


Sled 








STVYSLV1 GNV SIVNVD NIVW —DILVWSHDS 























‘ Nr 
ea e = — rs — 
Y TVNVO NIVW GTUWS zo 
b> =>5= > 
4 z = 
Q<«— ie ce Aes JOUDD UID ) = = aa 
| 4B) | or WaSLV1! 3118 NIKO 
LNONSAL - oO Carat’ 
NOLLVOINY! ANVaNODIS —--* | = | (2) : 
S1u3Lv7 a 
 SIVNVO NIVA Ee 
G3YaL3W LON & ie z 
| - = a 2 ON TWNV9 NIHO 
GQraws AG Gq4zlIwW @ 0 ! 
< 
HONVYG SYSLYM 
ONVINI As aauzlaW O e <5 
ie oO 
3 = 
 NIVUG i 4 = 
OT IV wuaivT J1VA1Vv0d m 
44 
=~ *Tysa wl isvaer > 
v m 
a 
b> 
ian 
IWNVINIVW OS 
ara'w’s Iwusiv7 NOYSWV) * 
Se a ae A v 
WNVD ONL | : 
a a8 (q) (0) 
1. 992 eas 54 SIOAYIS3Y| 
c+ a ‘3'N 8 
v r= | NOISNS1X3 IVYalV1 NOYSWVO Ca snOS 
mo OY Ol TWuaLv1e-> oe 
é) = @ 


YSAIY NVWOT10 


| 
v 


WH3LV1 HLYON 


IV) 
NOSY30N3H 


6 a4snBi4 


ee ae ee eae ae 


W XIS 


+ 


Im 


la 
\O 


<= 


Jaan 





QUAJ“I Ya O3n37aM 
SHARE 2RaATAW 


tM 2 ya Gzastsn 
ane am TO 


$ 2lAv4D VWiAM 
: 2 AF sath 4 
VELAGISRT YAAC fo N32 
TUOMRUT 


eEHAOIK 


BE 


‘iV 


_JARSTAI “KO 


JARI TAL 


AAD PioM g 1AM 





AaMAD 





3jAG JARO 
— 


- 


jJAWUBRD VIS 


$74 tn ott v8 Wii 


mae lee —. - 
+ Ge a : ; Ri 5 


ry 


| OWA 21AMAD WAM —DITAMgHO2 — pqunrt. tiie 


23 


shifting bed conditions. Since the accuracy of the daily discharge data at 
this station is very poor, the amount of water which was used for irrigation 


from the canal is not easily determined and at best will be only an estimate. 


A. CANAL SEEPAGE 

The flow data (Table 10) has been analysed in relation to the schematic 
(Figure 9) of the flow system for the purpose of evaluating seepage. 

seepage calculations for that portion of the T.I.D. Canal that is with- 
in the basin are or an estimate because of obvious inaccuracy of outflow 
data. 

The most precise data on seepage was obtained for the main S.M.R.I.D. 
Canal south of Lethbridge. The water lost to September 30 from the entire 
portion of the canal within the basin (prior to its flowing into Chin Reser- 
voir) was 13,650 acre-feet. This is that water which cannot be accounted 
for by evaporation, irrigation, turn-out, discharge into Chin or canal stor- 
age on September 30. The seepage rate is computed to be 0.17 inches per hour. 

There are broad drainage areas leading into some of the canals upstream 
from where discharge is metered. The foregoing analysis ignores storm run- 
off from these drainage areas back into the canal system. This may be app- 
reciable for storms such as occurred on September 20-22, wherein 4 inches of 
precipitation fell as snow. Such runoff becomes another input to the system 
and implies greater losses to canal seepage than computed, but also less 
deep percolation than computed from borrow pits and other areas. Ignoring 
this parameter does not significantly affect the computed total contribution 
to groundwater recharge for the basin. 

Seepage was computed in the Readymade extension (a secondary lateral) 
by assuming the same seepage rate as for the Main Canal. This gives a see- 


page value of 140 acre-feet for this lateral, and along with the precipitation 
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and evaporation data for this lateral is the basis of the estimate for Tun- 
off to Chin Reservoir from the Readymade area. 

Seepage on the main laterals and secondary laterals may be approximated 
by assuming that the inflow and outflow of the North East Reservoir are equal. 
The total seepage in these laterals is then calculated to be 7,180 acre-feet. 
There is no way of knowing the Validity of the assumption until such time as 
these flows are monitored. In apportioning this seepage (Table 11) it has 
been assumed that the average seepage rates for both the primary and second- 
ary laterals are the same. Hydraulic Conductivity is computed to be 0.036 
inches per hour and is much lower than for the main canal. Presumably this 
is due to a lower permeability for the lacustrine deposits in the irrigated 
part of the basin than for the moraine where the main canal is located. 

The symptoms normally associated with high canal seepage have not been 
reported near the main canal. The computed hydraulic conductivity then sug- 
gest high vertical permeability of the glacial till. The canal section has 
undergone a certain degree of modification since the flow calibration. Since 
the parameter of significance is the difference between inflow and outflow 
(which is small in relation to the total flow) a small error in flow data 
could cause an appreciable error in the seepage figure. 

The seepage analysis might be considerably benefited by piezometer in- 


stallations along the main laterals to determine correct seepage rate data. 


Be SOIL MOISTURE 

For the purposes of this study, that part of soil moisture which is 
not available to plants (that water held against 15 bars of tension) has been 
treated as a part of the soil and not part of the water ean ince. Four foot 
root zone water storage for the basin, was computed by using generally accept-. 


ed data for water storage characteristics of light, medium and heavy soils 
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for the area. The available storage capacity data used were 5.6 inches, 
7.5 inches, and 9.0 inches, respectively. Moisture falling on the soil in 
quantities great enough to exceed this storage limit are then assigned to 
the water tables as deep percolation. 

Pre-season plant available moisture to a four foot depth for the irr- 
igation portion of the basin was estimated to be 5.9 inches for heavy soil 
and 5.05 inches for medium soil, accounting for 76,400 acre-feet of pre- 
season storagee This moisture has been assigned to crop acreages on a pro- 
rated basis. 

Similarly, the pre-season plant available moisture for the non-irrig- 
ated area was estimated to be 5.6, 4.75 and 3.9 inches for heavy, medium and 
light soils, respectively, accounting for 60,300 acre-feet of pre-season 
storage. 

Soil moisture storage in phreatophyte areas has been assumed to be a 
condition of saturation throughout the season, that is 36 inches for a six 
foot root zone. 

The effective contribution of irrigation was computed by assuming 20% 
evaporation from sprinklers, 20% runoff from surface irrigation, 20% deep 
percolation due to non-uniform surface distribution of irrigation by either 
method, and by estimating the seepage from ditches and dugouts. 

Dugout seepage has been computed by assuming a seepage rate of 0.12 
inches per hour and head ditch seepage by assuming a seepage rate of 0.20 
and total period of use of one month. Deep percolation due to over-irrig- 
ation is calculated by assuming that 20% of the water applied to the field 
is lost to deep percolation. Deep percolation from borrow pits was calcul- 


ated by assuming that the average infiltration rate was twenty times as large 
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as the evaporation rate, and by estimating the capacity of the four-foot grass 
root zone for additional storage.” 

Much more rainfall was received on summerfallow than was needed to re- 
place evaporation and maintain field capacity. The excess has been assigned 
to deep percolation. 

The estimated seepage data is given in Table 13. Field investigations 
should be conducted to test these estimates to determine their validity and 


make corrections where necessary. 
ESTIMATED DEEP PERCOLATION® TABLE 13 


Dugouts 4,100 


Irrigation ditches S5.20 


Borrow pit 21,840 
Summer fallow 19,200 
Over-irrigation 5 800 
Urban 490 


(5) The average evaporation rate for May-August was .0075 inches per hour. 
The estimated unsaturated percolation rate for fully grassed areas is 
0.15 inches per houre 


(6) The term “deep percolation” refers in this publication to that water 
percolating below the root zone. It has not necessarily reached the 
water table.. 
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Table 14 shows the distribution of hydrologic measurements, calcul- 
ations, and estimates for the 1968 crop year. They have been broken down 
into three main headings: surface water, root zone, and below the root 
zone. Each is subdivided into input, output, and change in storage. Te 
all figures were correct, input should equal output plus storage change. 
In order to balance the distribution for the root zone, 21,760 acre-feet 


of seepage were placed in Storage Change. 
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GROUNDWATER 


Although many of the piezometer nests have not yet reached equilibrium, 
a preliminary interpretation of available data has permitted some conclusions 
regarding groundwater flow. It appears that almost the entire basin forms a 
recharge area, ies, groundwater percolates down from the land surface. On- 
ly the area adjacent to the river and major coulees contributes to regional 
groundwater discharge. (see Figure 16). This limited area of discharge is 
a result of the land surface configuration. That is, practically the entire 
basin is a relatively high upland, bounded by steep-sloped valleys whose 
area is limited. 

Some of the usual groundwater discharge features may be seen in the 
discharge portion of the basin, i.e. salt deposits, phreatophytes, barren 
ground, sloughs, etc. In an irrigated area, such features must be inter- 
preted with extreme caution. Seepage and overflow from canals can create 
most of the same phenomena in recharge areas, particularly perennial sloughs 
and salt buildup. 

The permeability of most formations, both bedrock and surficial, is 
extremely low in the study basin. The Saskatchewan Gravel, however, is re- 
latively much more permeable, such that the bulk of groundwater flow is con- 
centrated in this one horizon. No piezometric head exists in the Saskatch- 
ewan Gravel adjacent to its exposures along the Oldman River. The rest of 
the Saskatchewan Gravel does have a piezometric head. There is a perched 
water table above the gravel within the glacial and interglacial lacustrine 
materials. Its approximate configuration is shown in Figure ll. Since the 


gravel is truncated to the west and north by the Oldman Kiver, the only 


sources of recharge for the main channel are the tributary channels to the 
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south, and direct vertical infiltration of precipitation and irrigation water 
from the land surface. 

Slug tests in several piezometers have made possible the calculation 
of some permeabilities for glacial deposits. Laboratory tests were also con= 
ducted on till cores, and these yielded permeabilities of the cane order of 
magnitude as did the slug tests (Table 15). 

Hi-Rate Drilling completed the groundwater instrumentation of the bas- 
in during the late summer of 1968. In addition to installing piezometer nests, 
this company drilled and pump-tested a well in the Oldman Formation in Lsd. 
9-22-8-21-W.4th. Water was produced from a fine sandstone aquifer at 318 to 
341 feet of depth. Static level was 192 feet, transmissivity was 15 gpd per 
foot, and the safe pumping rate was 1 gallon per minute. 

Readings were discontinued on 47 shallow water table wells, clustered 
in the Junior College area and the south end of the city of Lethbridge. 

These had been installed several years ago to monitor shallow water table 
problems for the city, and have now served their purpose. 

The groundwater recharge rate into the basin has been calculated by 
Toth's technique, as used for the Three Hills area. The Saskatchewan Gravels 
and bedrock formations (Oldman, Foremost and Bearpaw Formations) were analysed 
separately. 

Saskatchewan Gravels underlie 235 Square miles of the basin, of which 
181 square miles are recharge area, and 54 Square miles are discharge area. 
In 1968, precipitation for the basin, averaged from Airport and Research 
Station records, was 16.82 inches. In addition, irrigation for the 1968 sea- 
son averaged 3.03 inches for the entire basin. Total influent water, then, 
was 19.85 inches. 


The average drop in water levels over the winter of 1968-69 at six 


Sites in Saskatchewan Gravels was 1.3 feet. Assuming a specific yield of 
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O.1 for gravel, the average depth of water exchange for 4.75 months of ground 


frost was 
O.1 x 1.3 x 12 = 1.56 in./ 4.75 months 


u 


3.9 in./year 
Total recharge rate is therefore (3.9/19.85) x 100 = 20%, and the 
annual volume of recharge is 3.9 x 181 x 640 = 38,000 acre-feet, or 109 
gpm/sq. mile. 
Bedrock aquifers underlie the remaining 164 square miles of the basin. 
Of this area, 114 square miles are recharge and 50 square miles are discharge. 
The average drop in water levels over the winter of 1968-69 for five 
sites in bedrock was 0.5 feet. Using a specific yield of 0.05 for bedrock, 
the average depth of water exchange was 0.05 x 0.5 x 12 = 0.3 in./ 4.75 months, 
or 0.76 inches per year. Total recharge to bedrock was (0.76/19.85) x 100 


= 4% of all influent water, or 0.76 x 114 x 640 = 4620 acre-feet, or 21 gpm/ 
2 


sqe mile. 

Total groundwater recharge in 1968 was therefore approximately 4620 + 
38,000 = 42,620 acre-feet, or 55 gpm/sq. mile. Of this, 11% was into bed- 
rock, and 89% into Saskatchewan Gravels. According to Table }1, 28,130 acre- 
feet of this, or 66 percent originated as deep percolation from below the 


root zone between May 1 and September 30. 
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PERMEABILITIES OF SURFICIAL MATERIALS TABLE? 15 


Permeability Transmissibility 


Location Horizon Depth Thickness (Meinzer Units) (Meinzer Units) 
NE-35-6-22-W.4  Lenzie Silts 17 20 oon, Mm eon OL: 
NE-35-6-22-W.4 Lower Till 35 40 721x510 3.3 x 10 
NW-21-7-20-W.4 Upper Till 33.1 90 2.64 x 10? 2.38 x 10° 
NW-21-7-20-W.4 Upper Till 52.8 90 3.62 x 10 oe Wend 
NW-23-7-20-W.4 Upper Till 32.7. 70 Ge eee e100 Mean Or 
NW-23-7-20-W.4 Upper Till 52.6 70 2.36 x 10.¢ 1.65 x 10) 
NW-23-7-20-W.4  Lenzie Silts 80.1 10 2.82 x 10 2.82 x 10 
SW-5-30-7-20-W.4 Upper Till 96 120 4.18 x 1074 5.02 x 10" 
SW-5-30-7-20-W.4 Upper Till 97 120 Shetlos Ry uses 6 sda Mey 
SW-5-30-7-20-W.4 Upper Till 156.5 39 To x 10 1.08 x 10 
SW-8-8-20-W.4 Upper Till 19.3 100 7.56 074 Hee 107 
GWelesbeD0enaa “Upper rity 8? site Heo BRL PHOT NY SAH Ae 
SW-18-8-20-W.4 | Upper Till 51.6 130 2.3 x 10 3-0 -x 1075 
SW-18-8-20-W.4 Upper Till 82.3 130 4.15 x 10 5.4 x 10 
NE-34-8-20-W.4 Upper Till 35.0 80 6.36 x 10-2 Salux 1073 
NE-34-8-20-W.4 = Lenzie Silts 83.2 15 5.1 x 10 7e6. x 10 
SW-14-9-19-W.4 Upper Till 7922 104 Dee eS 10.5 ota 10-5 
SW-14-9-19-W.4 Basal Till 159.3 ll V2 AG 1.33 x 10 
SE-1-21-W.4 Upper Till 48.4 60 o7°e HOT OL penn one 
NE-8-10-20-W.4 § Upper Till 5.27 60 $15 x 1057 1.20% 101 


<3 
Lenzie Silts: Average T = 0.83 x 10 


-1 
Upper Till: Average T = 0.76 x 10 
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GEOLOGY 


Bedrock geology of the basin is shown in Figure 12. The Oldman-Fore- 
most contact has been revised through interpretation of the many available 
drill-hole logs and extrapolation over the bedrock topography map (Figure 
13)5 

The Bearpaw-Oldman contact used was that drawn by Geiger (1968). Both 
of these geological contact differ somewhat from those in existing publics 
ations. By taking into consideration the irregularities of the bedrock top- 
ography, it is hoped that this map will more nearly represent reality. 

Surficial geology of the Lethbridge area was mapped by Stalker in 
1962. A simplified version of the part within the basin is included as Fig- 
ure 14, 

Inasmuch as active groundwater movement extends downward through the 
Milk River Sandstone, the various geological horizons higher than its base 
have been mapped. This was done by interpretation of both oil company and 
water well electric logs. 

The top of the Colorado Group is the lower boundary of groundwater 
movement. Its elevation is shown in Figure 15. The lowest aquifer used in 
this area is the Milk River sandstone which lies directly upon the Colorado 
Shale. Its configuration is shown in Figure 16. 

The Pakowki Shale overlies the Milk River Sandstone and has a thickness 
of about 100 to 150 feet. The elevation of the top of the Pakowki Shale is 
shown in Figure 17. 

Over the Pakowki Shale are the Foremost and Oldman Formations, known 


collectively as the Belly River Group. These two formations, consisting of 
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Surficial Deposits - Irrigation Study Basin 


Legend 


Recent Deposits 


Aeolian deposits: Sand, silt 


Modern alluvium: Gravel, sand 


Terrace alluvium: Gravel, sand 


Late-Glacial to Early Glacial Deposits 


Lake deposits: Silt, sand, minor clay 


Glacial spillway alluvium: Gravel, sand, silt, clay 


Laurentide Glacial Deposits 


Outwash and inwash: Gravel, sand, silt 


Hummocky and ground moraine (Lethbridge Moraine): Till 


Interglacial lake deposits (Lenzie Silts): Silt, clay, sand, gravel 


Modified from: Stalker - Map 41-1962 
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IRRIGATION STUDY BASIN 


SURFICIAL DEPOSITS - 
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alternating layers of shale, sandstone and coal, form the subcrop surface 
under the surficial deposits of most of the basing In preglacial time, a 
large river valley formed upon the bedrock of the area, leaving up to 40 
feet of alluvial gravel behind. The elevation of this gravel, called Sask- 
atchewan Gravel, is shown in Figure ll. 

During Pleistocene glaciation, three till sheets, and two lacustrine 
beds were deposited. The lowest till, termed “Basal Till™ lies directly 
over the Saskatchewan Gravel, or on bedrock, where the gravel is not present. 
This till is thin, not exceeding 16 feet in thickness. It is very hard, and 
occurs in vertical columns. Thickness of the Basal Till is shown in Figure 
8. 

Lower till is the term applied to the second till sheet. It is much 
thicker, and tends to be thickest over preglacial valleys and thinnest over 
preglacial ridges. Hence the thickness varies considerably. The elevation 
of its upper surface is shown in Figure 19. 

Between the Lower Till and Upper Till, is a lacustrine deposit called 
“Lenzie Silts", from the type section at Lenzie just west of Lethbridge. 

This deposit outcrops south of the Lethbridge Moraine. The Upper Till over- 
lies the Lenzie Silts and forms the Lethbridge Moraine. This feature forms 
the southern boundary of the study basin. 

Bering glacial retreat downslope to the northeast, water was trapped 
in a temporary lake just north of the Lethbridge Moraine. Up to 40 feet of 
lacustrine sediments accumulated in this basin before the lake was completely 
drained (Figure 20). Some of these sediments have been subsequently reworked 


by wind and stream action, 


7 
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CLIMATOLOGICAL SUMMARY 


Climatological data other than that used in this study is collected 
for the Department of Transport. Figures 21, 22, 23, 24, and 25 give data 
on humidity, temperature, total wind mileage, evaporation and gross and net 
radiation respectively. While these data, except for evaporation, were not 


used in preparing this report, they may help explain other parameters used 


in the study. 
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Daily Max.-Min. Levels of Relative Humidity — 1968 Growing Season 
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READYMADE SUB-BASIN 


A total of eight stream gauging stations were installed in the sub- 
basin during the 1968 season. In the spring of 1969 the addition of two 
more stations will complete the hydrometric network-within the mini-basin. 

Three gauging stations have been established on inflow canals to the 
mini-basin. On the main inflow canal a Leupold-Stevens A-35 recorder, housed 
in a wooden culvert, has been installed directly above an existing wooden 
drop structure and thus a reliable, stable rating should exist for this stat- 
ion. The remaining two inflow canals are small and have an estimated cap- 
acity of about 5 cfs. These canals enter the mini-basin by crossing the 
western boundary road through steel culverts. The gauges on both of these 
canals consist of staff gauges installed directly above the culverts. These 
staff gauges are read daily by an observer. The discharge measurements made 
to date indicate that a relatively stable control exists at both sides. 

A total of five return flow coulees have been instrumented in 1968. 
Three gauging stations sites consist of sandbag controls (sandbags filled 
with concrete and piled across the streambed thus acting as a broad-crested 
weir) with Leupold-Stevens F-type recorders used to record the stage. An 
inadequate number of dicharge measurements were made at each of these stat- 
ions to develop rating curves and thus no mean daily discharges will be 
computed until the end of the 1969 season. Also the electric drive mechan- 
isms for these recorders ran sporadically and thus much stage record was al- 
sO missed. The recorders have been modified and should work well in the 1969 


season. 
Two more gauging stations will be installed on the major return flow 


channels in the mini-basin.e These will consist of San Dimas flumes or 
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H-flumes, with Leupold-Stevens A-35 recorders used to record stage data, and 
will be installed previous to the 1969 irrigation season. 

With the addition of these two gauging stations the hydrometric gaug- 
ing of the mini-basin will be complete; although in addition to the record- 
ed return flows estimates of the return flows through ungauged coulees will 
be made with the aid of observations of flow in these ungauged coulees tak- 
en on every visit to the mini-basin. Thus a fairly accurate return flow 
figure should be determinable. 

In order to monitor groundwater movement, a north-south line of 5 
piezometer nests was installed in September, 1968. The necessary materials 
and drill time for these installations were supplied by the Groundwater Div- 
ision, Research Council of Alberta. Piezometer readings are not yet suffic- 
ient to permit interpretation of the groundwater regime of this area. 

Instrumentation now in operation in the Readymade sub-basin is shown 


in Figure 26. 
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SUMMARY 


2 9) 


It has been possible to establish this year a preliminary hydrologic 


budget for the basin, but only for the growing season, May 1 to September 


30. Certain parameters, notably evapotranspiration, change in soil moisture, 


and change in groundwater storage, are not yet available on an annual basis. 


The bulk of evapotranspiration no doubt occurs during this five month period, 


but measurable quantities of water are used also during the balance of the 


year. 


The hydrologic equation, modified from the 1967 report, is as follows: 


P+I 

P 

I 

EC 

Q 
Asm 
ASg 

S 


ASS 


Et + Q +ASm +ASg + S +ASs, in which 
precipitation 

irrigation 

evapotranspiration (consumptive use) 
surface runoff 

change in soil moisture storage 

change in groundwater storage 

seepage and deep percolation 


change in surface water storage 


For the May 1 to September 30, 1968 period, the parameters are as fol- 


lows, each having been evaluated independently: 


P+I=Et+Q+ASmn +ASg +S +ASs 


241,320 + 64,570 = 232,110 + 4,320 + 3,000 + 69,160 - 700 


(acre-feet) 


11.290° + 3,03" = 10,89" + .27™ + 0.22" + 0.14" + 3.24" = 0.03" 


(Inches) 


791% + 10.9% = 73.9% + 1.8% + 1.4% + 0.95% + 22.0% - 0.2% 
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This equation fails to balance by 7,760 acre-feet or 0.41 inches of 
water lacking on the left-hand side of the equation. This is a discrepancy 
of less than 2 per cent. Error is most likely in the seepage data and eva- 
potranspiration estimates for various crops. 

The 1969 report will hopefully contain such a budget for an entire 


calendar year, not just a five-month period. 
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APPENDIX A = New Instrumentation 





Equipment 


Net radiometer 


Standard raingauge 
Nipher snowgauge 
Deep Piezometer Nests 


Differential Piezometer 
Nests 


Watertable wells 


Recording gauging 
stations, natural bed 


Non-recording gauging 
stations, natural bed 


Quantity 
1 


1 
1 
23 nests, 68 pieze 


32 nests 


47 removed 


3 


Data Recorded 


a ES AEE TE 


Continuous instantaneous 
net radiation 


Total daily rainfall 
Total daily precipitation 
Deep groundwater movement 


Shallow and deep groundwater 
movement 


Depth of water table 


Streamf low 


Irrigation inflow, 
Irrigation outflow 
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APPENDIX B - Representatives of Contributing Agencies 


D. Cramer 
P.F.R.A. 
Lethbridge 


R.K. Deeprose 

Water Resources Division 
Agriculture Bldg. 
Edmonton 


R. Francis 
Water Resources Division 
Lethbridge 


J.M. Kelly 
Water Resources Division 
Lethbridge 


A.S. Mann 
Meteorological Branch 
Dept. of Transport 
Federal Bldg. 
Edmonton 


L.J. McCracken 
Water Resources Division 
Lethbridge 


G.L. Nielsen, Co-ordinator 
Water Resources Division 
Agriculture Bldg. 

Edmonton 


L.D.M. Sadler 

Water Resources Division 
Agriculture Bldg. 
Edmonton 


Dre 1. Sommerfeldt 

Canada Research Station 
Canada Dept. of Agriculture 
Lethbridge 


Me. Spitzer 

Water Survey of Canada 
Calgary Power Bidg. 

110 - 12 Ave. S.W. Calgary 


G. Steed 
Water Resources Division 
Lethbridge 


J. Thiessen 
St. Mary River Irrigation District 
Lethbridge 


DY 5 rose eer 

Research Council of Alberta 
11315 - 87 Ave. 

Edmonton 
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